**Core tip:** Our study is one of the first, to our knowledge, to estimate the prevalence of diabetes in a rural Senegalese area. In the Tessekere municipality, diabetes prevalence is 4.2%, and that of impaired fasting glucose is 6.6%, corresponding to the high range of prevalence observed in rural sub-Saharan Africa. In our population study, emerging risk factors such as depression and material well-being (identified mainly in developed countries) are not associated with diabetes, indicating that this epidemic is in the early stages in this region.

INTRODUCTION
============

The World Health Organization\[[@B1]\] estimates that globally, high blood glucose is the third highest risk factor for premature mortality. According to the International Diabetes Federation\[[@B2]\], some 415 million people worldwide are estimated to have diabetes and about 75% live in low- and middle-income countries. The prevalence of diabetes is increasing rapidly, and it is expected that by 2040 there will be 34.2 million adults in sub-Saharan Africa living with diabetes, more than double the number in 2015\[[@B2]\]. This increasing rate of diabetes mellitus is an additional burden to a region that continues to bear the brunt of communicable diseases such as tuberculosis and malaria\[[@B3]\]. Moreover, Africa Region has the highest proportion of undiagnosed diabetes; over two-thirds (66.7%) of people with diabetes are unaware they have the disease\[[@B2]\]. The diabetic condition is usually only diagnosed once patients are overtly symptomatic or present complications\[[@B4]\], which leads to increased risks of serious and fatal consequences associated with the progression of the disease.

Diabetes was virtually non-existent in West African populations about three decades ago\[[@B5],[@B6]\]. But today, an estimated 4% of urban West African adults have diabetes\[[@B7]\], and this figure is higher in some countries: 7.7% in Ghana\[[@B8]\], 4.2% in Kenya\[[@B9]\], 4% and 7.7% in rural and urban Guinea respectively\[[@B10]\], and 8.8% in Nigeria\[[@B11]\] for example. Among non-modifiable risk factors, age is one of the most important, making the ageing of the sub-Saharan population a major determinant of the global rise in diabetes on the continent\[[@B12]\]. Gender trends, another non-modifiable risk factor, are not clear in Africa\[[@B6],[@B7],[@B12]\]. Genetic susceptibility, family history of diabetes and intrauterine influence are also classified as non-modifiable risk factors for diabetes\[[@B12]\].

Urbanization is known as a major modifiable risk factor for diabetes: Abubakari et al\[[@B7]\] have shown that individuals living in urban areas were over five times more likely to have diabetes than their rural counterparts. The higher diabetes prevalence in urban compared to rural settings is attributable to nutritional and lifestyle changes\[[@B12]\]. Urbanization is then associated with physical inactivity and adiposity, another modifiable risk factors for diabetes. Indeed, several studies have reported the independent association of higher adiposity with diabetes in sub-Saharan Africa\[[@B6],[@B9],[@B10],[@B12]-[@B14]\]. Finally, Peer et al\[[@B12]\] have also mentioned that psychosocial stress or depressive syndrome might be considered a potential risk factor for diabetes.

Whereas Senegal is in the top five sub-Saharan African countries in terms of advanced nutritional transition status and dietary composition - which indicates increased risk for non-communicable diseases\[[@B15]\] - few studies have attempted to describe national trends in diabetes. In 1960, Payet et al\[[@B16]\] estimated the prevalence of diabetes in Dakar to be 1.1%. In 2015, the International Diabetes Federation reckoned the prevalence to be 1.8%\[[@B2]\]. In 2009 in Dakar, 17.8% of the population had a fasting blood glucose (FBG) level ≥ 110 mg/dL\[[@B17]\]. Information about diabetes prevalence in Senegalese rural areas is scarce. Consequently, the aim of this study is to estimate the prevalence of impaired fasting glucose (IFG) and diabetes in the rural population of Tessekere municipality (Senegal) and to investigate associated risk factors. Tessekere is a rural area populated mainly by nomadic pastoralists, whose culture and economy revolve around cattle. Our two hypotheses are therefore that the intense physical activity, low-fat diets and traditional way of life characterizing Ferlo's Fulani population would protect them from diabetes, leading to a low prevalence of this disease, and that considering the type of population, the diabetes epidemic is likely to be in the early stages. Emerging risk factors such as depression or stress, identified mainly in developed countries\[[@B18],[@B19]\], will probably not be associated with diabetes in our population.

MATERIALS AND METHODS
=====================

Population sample
-----------------

In order to carry out this study, a comprehensive survey was conducted from February to August 2015 in the municipality of Tessekere (Ferlo region, northern Senegal). In 2014, according to Senegal's National Agency for Statistics and Demography (ANSD), a total of 8999 individuals aged 20 and over were living in Tessekere municipality\[[@B20]\]. The population sample selected for this study comprised 500 individuals aged 20 and over. The sample was constructed using the combined quota method (cross-section by age and gender) to strive for representativeness of the population of Tessekere aged 20 and over. Data from the ANSD dating from the last census (2013) were used. The quota variables used were gender (male/female) and age (20-29/30-39/40-49/50 and over).

Eight trained investigators (PhD students in Sociology, Medicine and Pharmacy) started out from different points each day to interview individuals in Wolof or Haalpulaar in each camp. Investigators had a certain number of individuals to interview to meet the quotas. Only one person was selected as a respondent in each home. Investigators went to the house, inquired about the inhabitants and then chose the first person they saw who met the characteristics needed for the quotas. In-person interviews were conducted. They ranged from 30 to 45 min, depending on respondent availability and desire to talk. As the objectives of this study include analysis with BMI, pregnant women were withdrawn from the sample, resulting in a sample of 496 individuals.

Variables studied
-----------------

The socioeconomic and demographic variables collected were age (20-29/30-39/40-49/50 and over), gender (male/female) and educational level - defined in accordance with the educational system in Senegal - (0/1-5/6-9/10-12/over 12 years of school).

The following question was used as an indicator of economic conditions: "Given your household income, do you feel you ... (1) live well? (2) live okay? (3) live okay, but you have to be careful? and (4) have difficulty making ends meet"? This question, taken directly from Razafindrakoto and Roubaud's study\[[@B21]\], has demonstrated validity and relevance in eight African capitals, including Dakar, to measure economic conditions in the context of subjective well-being. For the analyses, the answers were coded from 1 (poor) to 4 (prosperous). The Mini International Neuropsychiatric Interview (MINI) was used to diagnose major depressive episodes at the time of the interview\[[@B22],[@B23]\].

The biological health variables collected were dysglycemia, blood pressure (BP), body mass index (BMI), waist circumference (WC) and waist-to-hip ratio (WHR). For dysglycemia, subjects were examined during the morning after fasting since the previous evening meal. The day before the investigation, subjects were informed of the need to have nothing to drink or eat in order to measure capillary whole blood glucose. Capillary whole blood (glucose) was obtained from a finger prick and was immediately analyzed using a Hemocue blood glucose analyzer^®^. The participants were then divided into three categories according to international standards\[[@B24]\]: Fasting plasma glucose \< 110 mg/dL; IFG: Fasting plasma glucose levels between 110 and 125 mg/dL; those with diabetes, who had either been previously diagnosed diabetics or had capillary whole blood glucose value greater than or equal to 126 mg/dL.

In order to measure BP, we used an OMRON M5-I digital automatic blood pressure monitor (OMRON^®^,

s'Hertogenbosch, The Netherlands). Measurements were taken on the upper right arm using an appropriate sized cuff while the participant was sitting and had rested for 5 min. Three readings were taken during the interview. The first was discarded, and the mean of the last two readings were used in the analysis. Hypertension (HTA) was defined as a systolic BP ≥ 140 mmHg (SBP) and/or a diastolic BP ≥ 90 mmHg (DBP) or reported treatment for hypertension.

Finally, overweight was defined as 25 ≤ BMI \< 30; obesity corresponded to a BMI of ≥ 30; underweight to a BMI of \< 18.5. WC of ≥ 102 cm in men and of ≥ 88 cm in women was considered central obesity. Lastly, a WHR of \> 0.9 in men and a WHR of \> 0.8 in women were considered central obesity\[[@B25]\].

Statistical analysis
--------------------

Files compiled on the basis of the 496 questionnaires were processed and coded in Excel (2013). We used *χ*^2^ tests to measure the presence, strength, and independence of statistical association of sociodemographic and biological variables and diabetes. We also carried out binary logistic regression analyses to estimate the risk factors for diabetes. All analyses were performed using SPSS software, version 20. A two-sided *P*-value of less than 0.05 was considered significant.

RESULTS
=======

In our sample, more than two-thirds of the participants were aged \< 40 years. Almost three-quarters had not attended school and the majority was not depressive. Proportions of men and women were balanced, as the proportions of people with good and poor material well-being. Most individuals were not hypertensive and not obese by WC, whereas 40% of individuals had central obesity measured by WHR. Prevalence of diabetes and IFG in our sample was 4.2% (95%CI: 2.44%-5.96%) and 6.6% (95%CI: 4.42%-8.78%) respectively.

Table [1](#T1){ref-type="table"} shows that in Tessekere, only mean BMI is significantly higher among diabetic individuals and among those having FBG ≥ 110 mg/dL. Furthermore, IFG is significantly more prevalent in individuals aged 50 and over and in individuals with central obesity (by WC and WHR).

###### 

Fasting blood glucose levels by sex, age, education, material well-being, Mini International Neuropsychiatric Interview, hypertension, waist circumference, waist-to-hip ratio, body mass index, systolic blood pressure and diastolic blood pressure in Dakar (*n* = 500)

  **Variables**   **Categories**     **\< 126 mg/dL**   ≥ **126 mg/dL**   **Test**                   **\< 110 mg/dL**   ≥ **110 mg/dL**   **Test**                   **Total**
  --------------- ------------------ ------------------ ----------------- -------------------------- ------------------ ----------------- -------------------------- -----------
  Total                              475                21                                           463                33                                           496
  Sex             Men                233                8                 *χ*^2^ = 0.967;            228                13                *χ*^2^ = 1.196;            241
                  Women              242                13                *P* = 0.326                235                20                *P* = 0.274                255
  Education       0                  358                15                *χ*^2^ = 0.204;            350                23                *χ*^2^ = 3.044;            373
  level           1-5                82                 4                 *P* = 0.903                81                 5                 *P* = 0.218                86
                  6-9                18                 0                                            16                 2                                            18
                  10-12              11                 2                                            10                 3                                            13
                  \> 12              6                  0                                            6                  0                                            6
  Age             20-29              193                7                 *χ*^2^ = 3.026;            189                11                *χ*^2^ = 11.893;           200
  bracket         30-39              112                3                 *P* = 0.553                111                4                 *P* = 0.018                115
                  40-49              73                 4                                            72                 5                                            77
                  ≥ 50               97                 7                                            91                 13                                           104
  Material        Well               71                 1                 *χ*^2^ = 5.554;            69                 3                 *χ*^2^ = 2.351;            72
  well-being      Okay               145                11                *P* = 0.135                142                14                *P* = 0.503                156
                  Okay but careful   203                6                                            197                12                                           209
                  Difficulties       56                 3                                            55                 4                                            59
  MINI            Not depressive     438                20                *χ*^2^ = 0.261;            426                32                *χ*^2^ = 1.072;            458
  Depressive      37                 1                  *P* = 0.610       37                         1                  *P* = 0.301       38                         
  HTA             HTA -              327                13                *χ*^2^ = 0.449;            319                21                *χ*^2^ = 0.396;            340
  HTA +           148                8                  *P* = 0.503       144                        12                 *P* = 0.529       156                        
  WC              Non obese          421                16                *χ*^2^ = 2.970;            412                25                *χ*^2^ = 5.143;            437
  Obese           54                 5                  *P* = 0.085       51                         8                  *P* = 0.023       59                         
  WHR             Non obese          271                8                 *χ*^2^ = 2.937;            266                13                *χ*^2^ = 4.082;            279
  Obese           204                13                 *P* = 0.087       197                        20                 *P* = 0.043       217                        
  BMI             Mean               20.8396            23.8              *t* = 3.303; *P* = 0.001   20.8               23.1              *t* = 3.155; *P* = 0.002   20.9
  SBP             Mean               125.3              127.8             *t* = 0.400; *P* = 0.693   125.2              127.5             *t* = 0.470; *P* = 0.641   125.4
  DBP             Mean               82.1               80.6              *t* = 0.579; *P* = 0.563   82.1               81.5              *t* = 0.301; *P* = 0.763   82.1

Education levels \> 5 years have been aggregated in order to keep sufficient numbers for statistical tests. MINI: Mini International Neuropsychiatric Interview; HTA: Hypertension; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; BMI: Body mass index; WC: Waist circumference; WHR: Waist-to-hip ratio.

The previously identified relationship between FBG, sociodemographic and biological health variables was tested by binary logistic regression. The results of the binary logistic regression are presented in Table [2](#T2){ref-type="table"}.

###### 

Odds ratios for fasting blood glucose ≥ 110 mg/dL and fasting blood glucose ≥ 126 mg/dL by sex, age, education level and body mass index in Tessekere (*n* = 500)^a^

  **Variables**                                              **Categories**   **IFG**                                 **Diabetes**                                                                                     
  ---------------------------------------------------------- ---------------- --------------------------------------- -------------- ------- ---- ------- --------------------------------------- ------- ------- ---- -------
  Sex (men)                                                  Women            0.744                                   1.153          0.49    \-   2.716   0.805                                   1.141   0.4     \-   3.254
  Age bracket (≥ 50 yr)[1](#T2FN2){ref-type="table-fn"}      \< 50 yr         0.0271                                  2.731          1.12    \-   6.663   0.228                                   2.006   0.647   \-   6.216
  Education level (≥ 1 yr)[1](#T2FN2){ref-type="table-fn"}   0 yr             0.157                                   1.832          0.792   \-   4.236   0.41                                    1.55    0.546   \-   4.396
  HTA (HTA-)                                                 HTA +            0.449                                   0.717          0.304   \-   1.695   0.673                                   0.797   0.277   \-   2.289
  BMI (continuous)                                                            0.049[a](#T2FN1){ref-type="table-fn"}   1.095          1       \-   1.198   0.018[a](#T2FN1){ref-type="table-fn"}   1.142   1.023   \-   1.274
  WHR (obese)                                                Not obese        0.334                                   1.532          0.645   \-   3.635   0.396                                   1.577   0.551   \-   4.508
  WC (obese)                                                 Not obese        0.927                                   1.053          0.348   \-   3.181   0.688                                   0.756   0.193   \-   2.966

*P* \< 0.05.

Education levels ≥ 1 year and individuals \< 50 years have been aggregated in order to keep sufficient numbers for statistical tests. HTA: Hypertension; WC: Waist circumference; WHR: Waist-to-hip ratio.

Results show that actually only BMI was associated with FBG ≥ 126 mg/dL. Indeed, increased BMI is associated with increased risks of diabetes (Table [2](#T2){ref-type="table"}). Furthermore, age and BMI were independently associated with IFG. Variables concerning central obesity (WC and WHR) were no longer associated with FBG after adjustment for age, sex and education level.

Finally, among individuals with FBG ≥ 126 mg/dL, 5 (23.8%) were aware of their diabetic condition, 2 (9.5%) of the diabetics were treated, and 0 diabetic individuals under treatment had controlled FBG (*i.e*., FBG \< 126 mg/dL) (Figure [1](#F1){ref-type="fig"}).

![Prevalence of fasting blood glucose ≥ 126 mg/dL, awareness among fasting blood glucose ≥ 126 mg/dL, treatment among the aware, and control among the treated in Tessekere municipality. FBG: Fasting blood glucose.](WJD-8-351-g001){#F1}

DISCUSSION
==========

The present study is to our knowledge one of the first to evaluate the prevalence of diabetes and IFG in a rural area in Senegal. The prevalence of diabetes in our sample is 4.2%, and that of IFG, 6.6%, corresponding to the high range of prevalence observed in rural sub-Saharan Africa, ranging from 0.8% to 6% for diabetes\[[@B26],[@B27]\]. Our results thus confirm those obtained in Guinea\[[@B10]\], Nigeria\[[@B28]\] and Mali\[[@B29]\], suggesting that Fulani populations have a high prevalence of diabetes. The reasons for this high prevalence remain unclear. In the Tessekere municipality, Barral et al\[[@B30]\] showed that in 1981, a decreased consumption of cereals and an increased consumption of sugar (with tea, which was introduced recently at that time) and fat was observed since the 1950s, inducing a physiological modification that may have an impact on diabetes or hypertension. Indeed, following the severe droughts in the Sahelian region in the 1970s, local products (millet, leaves, milk, cowpea, *etc*.), which provided food security were replaced by imported foodstuffs (rice, peanut oil, pasta, bread, *etc*.) and by small ruminant holdings (sheep, goats) to compensate for economic losses. It is more than likely that these rapid changes in diet have gradually led to an increase in diabetes over the past 30 years.

The risk factors identified in our population do not differ from those of other countries\[[@B12]\]. Age and BMI are significant predictors of FBG ≥ 110 mg/dL, but it is noteworthy that only BMI, and not age, is a significant predictor of diabetes in Tessekere. Indeed, it might be associated with two facts. First, in our study, the Fulani population presents a very high proportion of undiagnosed diabetes (76.19%). This result is in line with the results generally obtained in developing countries, where generally half to three-quarters of all cases are undetected\[[@B2],[@B12]\]. But it also means that the condition is usually only diagnosed once patients are overtly symptomatic or present complications\[[@B4]\]. Consequently, the mortality associated with diabetes must be higher among older age groups, which explains the lack of correlation between age and the prevalence of diabetes. Secondly, even if Senegal is one of the five African countries with the most advanced nutrition transition\[[@B15]\], the Fulani population is very isolated (health centers, roads and stores located more than 5 km from camps, without motorized vehicles\[[@B31]\]), one of the poorest in Senegal, and seems to be just at the beginning of demographic, epidemiological and nutritional transitions. These characteristics could explain the lack of relationship between diabetes and age, as the diabetes epidemic appears to be nascent in our population. The same cause could also explain the lack of association between IFG or diabetes and central obesity. Indeed, whereas central obesity\[[@B14]\], depression\[[@B18]\] and material well-being\[[@B19]\] are generally identified risk factors in populations having long experienced diabetes, the recentness of the diabetes epidemic in our population may explain the absence of these risk factors.

Finally, the 4.2% prevalence of diabetes found in our study is comparable to the 4.6% observed in rural Senegal by Seck et al\[[@B32]\] but is far below the 8.5% to 12.9% prevalence reported for all other parts of the world\[[@B2]\]. In addition, the prevalence of IFG in our Tessekere sample is significantly lower than the 17.9%\[[@B17]\] or the 10.3%\[[@B10]\] observed respectively in Dakar and in urban Ghana with the same criteria and methods, which make direct comparison possible. These results are in line with the majority of the results concerning the urban-rural distribution of diabetes in sub-Saharan Africa\[[@B9],[@B12]\]. Currently, 38% of the population of sub-Saharan Africa live in urban areas. But this proportion is predicted to increase to 45% by 2030, with a demographic inflection point to be attained by 2040: More urban than rural residents\[[@B33]\]. Due to inherent growth in urban districts and massive migration from rural areas\[[@B6]\], diabetes will certainly rise in the next few years in Senegal, where a focus on actions to optimize lifestyle management is critically important, given that obtaining drugs to treat diabetes is challenging due to cost and availability\[[@B34],[@B35]\].

Our study has some limitations. First, as in many surveys, our FBG levels were based on capillary blood measurements, which may have underestimated the prevalence rates\[[@B36]\]: The 2006 WHO/IDF update states that glycaemic values on venous and capillary plasma are identical but that plasma measures are 11% higher than whole blood measures. Second, HbA1c measurements are missing, but would have been important to accurately diagnose diabetes mellitus in our sample. Furthermore, the small absolute number of diabetic subjects makes assessment of the relationship to other variables examined difficult, and it is possible that only gross differences, such as the relation between diabetes and BMI will be found. Third, the small absolute number of diabetic subjects with known, treated and controlled diabetes made it impossible to perform trend analysis of age/sex subgroups. Finally, diagnosis of diabetes should not be based on a single abnormal result in an asymptomatic subject, so that future studies on the area should repeat the capillary whole blood glucose test for every subject.

The prevalence of diabetes in the rural area of Tessekere (Senegal) is 4.2%, and of particular concern is the high burden of undiagnosed and uncontrolled diabetes. If the nutritional transition is to develop in this part of the country, diabetes and its complications are certain to become a major health issue within several years. The challenge of diabetes in rural areas of sub-Saharan Africa is to provide accessible, affordable and optimal care for the management of the disease. It is then possible that collaboration with traditional healers would be appropriate and respectful of the populations' cultural values, and could represent a first step toward an integrative approach combining biomedical knowledge and traditional medicine.
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COMMENTS
========

Background
----------

The World Health Organization estimates that globally, high blood glucose is the third highest risk factor for premature mortality. The increased rising rate of diabetes mellitus is an additional burden to sub-Saharan Africa that continues to bear the brunt of communicable diseases such as tuberculosis and malaria. Moreover, Africa Region has the highest proportion of undiagnosed diabetes; over two-thirds (66.7%) of people with diabetes are unaware they have the disease. Whereas Senegal is in the top five sub-Saharan African countries in terms of advanced nutritional transition status and dietary composition - which indicates increased risk for non-communicable diseases - few studies have attempted to describe national trends in diabetes and no information exists about diabetes prevalence in rural Senegalese areas.

Research frontiers
------------------

Diabetes was virtually non-existent in West African populations about three decades ago. But today, it is estimated that 4% of urban West African adults have diabetes, and this figure is higher in some countries: 7.7% in Ghana, 4.2% in Kenya, 4% and 7.7% in rural and urban Guinea respectively, 8.8% in Nigeria for example. Identified risk factors for diabetes in sub-Saharan Africa are age, family history of diabetes and intrauterine influence. Urbanization is known as a major modifiable risk factor for diabetes, attributable to nutritional and lifestyle changes and physical inactivity. Finally, in developed countries, psychosocial stress or depressive syndrome might be considered potential risk factors for diabetes.

Innovations and breakthroughs
-----------------------------

The study is the first, to our knowledge, to estimate the prevalence of diabetes in a rural Senegalese area. In Tessekere municipality, diabetes prevalence is 4.2%, and that of impaired fasting glucose, 6.6%, corresponding to the high range of prevalence observed in rural sub-Saharan Africa. In the population study, emerging risk factors such as depression and material well-being (identified mainly in developed countries) are not associated with diabetes, indicating that this epidemic is in the early stages in this region.

Applications
------------

It seems necessary to study the determinants of the high prevalence of diabetes observed in Fulani in sub-Saharan Africa. The study also casts doubt on the relationship between emerging factors for diabetes such as depression and material well-being and stages of the nutritional transition.

Peer-review
-----------

The introduction provides sufficient background and includes all relevant references. The research design is appropriate. The methods are adequately described. The results are clearly presented. The conclusions are supported by the results.
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